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Joint Briefing OW-OAR – Protective Action Guide (PAG) for Drinking Water

Purpose of this briefing: 

· Present a recommendation for the Drinking Water PAG

· Discuss how we’ll address the controversy associated with this proposal 

· Agree on next steps toward publication for comment

What is the problem we’re trying to solve?

· Drinking water is the only exposure pathway not currently addressed in the PAG Manual. At what radiation level does EPA recommend alternative drinking water resources be provided? 

· Remember, a PAG is a health-based tipping point where actions are warranted to avoid a given radiation exposure. 

· While highly unlikely, a large scale radiation contamination incident could impact the US, driving the need for a drinking water PAG that is pre-established and scientifically based.

· During the US response to the radiation incident at Fukushima, Japan in March 2011, rain water samples collected as part of RadNet showed concentrations of certain radionuclides above the SDWA Maximum Contaminant Levels (MCL).

· EPA experienced major difficulties conveying its message to the public that the detected levels in rain water, although greater than the MCL, were not of immediate concern to public health. 

· If those same levels had been detected in drinking water, EPA may have had to issue ad-hoc guidance developed on short notice without the benefit of comprehensive analysis. 

Options considered during PAG development:

a) Do nothing. Local governments or states may develop individual PAG levels, or EPA will need to create one after an incident occurs. Experience has shown that local governments often rely on EPA advice when making decisions regarding the safe use of drinking after contamination incidents. Radiation protection decisions are almost always based on federal guidance in some form. Affected federal entities (e.g., effected military personnel) will need federal guidance.

b) Use the SDWA MCL (4 mrem) as the level to provide an alternate source of drinking water. MCLs are not intended to inform ‘do not drink’ levels, in addition MCLs are based on the assumption of a 70 year exposure timeframe.

c) Adopt DHS & FDA benchmarks: 500 mrem from water for first year after an incident (DHS covers water after a terrorist attack and FDA guide applies to food). This allows for consistency with guidance that is already in use and publicly available. 

d) Adapt above benchmarks that have long-standing acceptance, and add additional protection for pregnant women and children: 500 mrem for the general population and a lower dose level for children and pregnant women.

Recommendation:

· Based on an analysis of radiation risks to all age groups from several nuclides, we propose a two-tiered PAG as a reasonable approach considering age-based radiosensitivity.

· We recommend the drinking water PAG during the intermediate phase of a radiological response be 75 mrem projected dose in the first year for infants, children and pregnant women and 500 mrem projected dose in the first year for the general population.

The protective action:

· The protective action is to restrict the use of contaminated water for drinking purposes and to provide alternative drinking water for the affected community. Options for providing alternate drinking water could include: bottled water, altering the raw water source of a water system, interconnection between systems, or a combination of these.

Rationale:

· EPA conducted an assessment of the projected risks of excess cancer cases from exposure to radiation in drinking water at the 500 mrem level for a one year duration incident. The projected risks levels for adults at the 500 mrem level generally fall around the 0.0003 risk level for excess cancer cases.

· EPA conducted a similar assessment from exposure to contaminated drinking water for infants and children, who are more sensitive to radiation exposure, and found that the projected risk level of 0.0001 would occur at the 75 to 100 mrem dose level range.

· This recommended drinking water PAG approach is consistent with PAGs currently in place for other media. PAGs are set by balancing the risks of exposure to radiation against the logistical difficulty, costs and detriments associated with taking protective action to avoid exposure.

· According to the International Commission on Radiation Protection, emergency levels for protection of people should be selected in the lower part of the 100 to 2,000 mrem/year recommended range. Protection against all exposures, above or below the PAG level, should be balanced against detriments from the protective action itself. 

· The government of Japan adopted a similarly tiered drinking water advisory when responding to the radiation incident in Fukushima.

· We determined that it is not appropriate to base emergency protective actions and response measures during short-term radiation incidents on lifetime (70 year) exposure criteria utilized to derive SDWA Maximum Contaminant Levels (MCL).

· We recognize that within the SDWA framework, water systems in violation of drinking water standards have processes available to get back into compliance within a reasonable time frame. While the SDWA framework is useful to inform actions for day-to-day normal operations, it does not provide adequate guidance for emergency responders on what levels of contamination warrant providing alternative water.

· We assume that any drinking water system adversely impacted during a radiation incident will be able to achieve compliance with MCLs within the first year after the incident. 

Key considerations:

· Flexibility is emphasized. Emergency managers should make incident specific decisions that make sense for their community.

· Some PAGs lend themselves to age specificity (KI, food, water) while others are best applied to entire populations (sheltering, evacuation, and relocation). The goal is to protect everyone, including the most sensitive (children and pregnant women) while being practical with what may be limited alternative drinking water resources.

· From a public information standpoint, the Manual may need to provide further information on the practical implementation challenges with a two tier water protection strategy. The KI simplified approach is an example of this.

· Pre-incident planning is encouraged. Pre-incident planning can help a community identify the best alternative water choices.

Stakeholder reaction:

· In response to a previous proposal, anti-nuclear and environmental groups publicized misleading comparisons of derived water PAG concentrations alongside MCL concentrations to assert that the SDWA was being weakened. This is likely to happen again.

· In addition, these groups had multiple meetings with then Assistant Administrator Gina McCarthy and Deputy Administrator Bob Perciasepe to voice their concerns about the drinking water PAG development.

· Stakeholders base their strong objections and opposition on the fact that exposure to drinking water with higher levels of radiation will likely result in an increased risk of cancer cases. The stakeholders go into detail pointing out the differences in concentration levels derived from a PAG of 500 mrem in comparison with an MCL of 4 mrem. For some radionuclides, the resulting difference in concentration could be up to several thousand times.

· During Fukushima, the Agency was pressed to develop drinking water guidance for US citizens in Japan and those using cisterns with contamination from the incident. The Agency failed to provide any guidance. Since then, both Bob and Gina have encouraged us to get this done.

· State radiation control programs, nuclear power plant response communities, and the American Water Works Association have asked EPA repeatedly for a drinking water PAG for emergencies. Comments submitted on our 2013 PAG Manual from many states, the AWWA, Health Physics Society, Nuclear Energy Institute and Conference of Radiation Control Program Directors specifically request a drinking water PAG.

Proposed next steps in the timeline:

November 2014: Joint AA-level briefing for OW and OAR (scheduled for Nov. 5)

December 2014 – January 2015: Brief multi-agency PAGs Subcommittee & get concurrence on proposal; concurrently have updated Water proposal reviewed by OSWER, OHS and OGC

February – March 2015: OW AA and OGC Review and Concurrence Process on drinking water PAG proposal and support documents 

April 2015: Finalize drinking water PAG proposal Federal Register package

May 2015: OPEI review and facilitation

June 2015: Begin OMB 90-day review

Finalize edited FR Notice and Water proposal (OMB release + 14 days)

Complete Federal Register Workflow for Water proposal (OMB release + 30 days)

Public comment period (OMB release + 90 days)

Compile and adjudicate comments from public review (OMB release + 120 days)

Finalize entire PAG Manual including Water (OMB release + 180 days = March 2016) 
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What is a PAG

		A calculated tipping point at which an action to reduce radiation dose is recommended

		Guidance for public officials

		Protective Action Guides are called ‘PAGs’
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For example: 

		Scientists project a dose of 500 mrem in the first year.

		There is a protective action associated with that dose in the PAG Manual.

		Decision makers implement the recommended action as quickly as possible.

		The public actually receives a dose of 200 mrem.
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Global PAGs, and Regulations

		All developed countries have PAGs in some form

		The International Atomic Energy Agency provides high level guidelines which our federal guidance echoes

		Radiation disasters are rare, but not 100% avoidable

		The U.S. PAGs originated in 1960s in response to fallout from weapons testing

		Our public health and environmental regulations remain in effect, every day

		Emergency guides are needed when a disaster takes us temporarily and unavoidably out of compliance
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Who Uses the PAG Manual	

		State and local emergency managers use EPA PAGs in local emergency response plans

		Nuclear power plant community decision makers

		The same EPA PAG levels have been used for several decades around nuclear plants, for preparedness

		Nuclear Regulatory Commission and FEMA require use of EPA PAGs in local emergency plans

		Urban areas with Homeland Security plans

		EPA PAGs and the planning guidance are incorporated into local plans with assistance from FEMA and others
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Phases of Response

		Early Phase:  The first hours to days until the release has stopped, when protective actions decisions must be made with little to no information

		Intermediate Phase: The weeks to months when more information is available, protective actions are more restrictive, and cleanup planning begins

		Late Phase:  No longer an emergency; activities shift to long term recovery and cleanup
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Radiation Exposure Pathways

		The worst case scenario is a large release from a damaged nuclear power plant or a terrorist attack using radioactive material:

		Airborne plume

		Contamination on people 

		Ground and building contamination

		Food and water contamination

		Longer term spread into crops and the environment
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Early Phase PAGs

		Evacuation/Shelter 1-5 rem (10-50 mSv); Provide KI 5 rem (50 mSv) child thyroid dose

		These levels are used as health-based tipping points at which an action would be warranted. Predictions of dose based on the release or measurements must be compared to these tipping points to determine if prompt action is needed.

		Worker 5, 10, 25+ rem (50, 100, 250+ mSv)

		These worker guides are more like limits. They guide stopping work if doses received meet these levels, based on how critical the work is (e.g., lifesaving)
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Intermediate Phase PAGs

		Relocate population 

		≥ 2 rem (20 mSv) first year (projected dose)

		0.5 rem (5 mSv) any subsequent year

		Apply dose reduction techniques  

		< 2 rem (20 mSv)

		These PAGs are lower, and based on longer-term dose projections (first and second year)

		Food (FDA 1998): Most limiting of

		0.5 rem (5 mSv) whole body or 

		5 rem (50 mSv) to most exposed organ or tissue
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Late Phase

		Actions designed to reduce radiation levels in the environment begin

		Actions are meant to reduce long-term exposures and improve living conditions. 

		A PAG level, or numeric dose to avoid, is not appropriate for long-term cleanup

		The PAG Manual describes a process involving stakeholders in decision making on clean-up goals, technology, land use and approaches

		Community involvement is key
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2013 Revised PAG Manual

		Update to the 1992 PAG Manual

		Expanded scope to include terrorism: RDD, IND

		Incorporated updated FDA Potassium Iodide guidance

		Refers to updated FDA Food guidance

		Includes a new matrix on re-entry decisions

		Provides brief cleanup and waste management planning guidance

		Incorporates DHS 2008 late phase cleanup guidance

		Updates science basis to updated international guides
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Wrap Up

		Questions?

		Comments?

		Suggestions?
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Background on SDWA MCLs for Radionuclides:

In 1976 EPA issued interim regulations for radionuclides in drinking water. In December 2000, EPA promulgated final regulations for four radionuclide groups:

· Gross Alpha (Minus Radon & Uranium) MCL = 15 pCi/L: Retained from 1976 Rule

· Combined Radium 226 & 228, MCL = 5 pCi/L: Retained from 1976 Rule

· Gross Beta & Photon, MCL = 4 mrem/yr (uses dose conversion factors from 1976 Rule): Retained from 1976 Rule

· Uranium MCL = 30 ug/L: Newly established standard in 2000  



The gross beta and photon MCL is unique because it is based on a dose of radiation (measured in mrem) instead of a concentration of a specific radionuclide (measured in pCi/L). There are ~179 radionuclides that are “beta-photon” emitters that are regulated as a group under this standard. 



As a point of reference, for the gross beta & photon emitters, the MCL is 4 mrem annual dose:

· For Iodine-131 in drinking water the derived concentration corresponds to 3 pCi/L 

· Based on limiting the dose to the thyroid to 4 mrem per year

· In 1976 EPA calculated a lifetime risk at this exposure to be 6 x 10-5, assuming 70 year lifetime exposure through 2 liters drinking water per day

· Utilizing  dose calculation methods developed in 1958 (ICRP 2)

  

· In 2000, EPA updated the lifetime risk estimates at this exposure to be within the upper and lower bounds of risk (10-4 to 10-6) using current science (ICRP 72). The derived concentration would correspond to 55 pCi/L for children and 120 pCi/L for adults for Iodine-131. Due to the SDWA anti backsliding provision EPA retained the original conversion factors.



PAGs Background

· PAGs were initially published in 1992, but the drinking water component was not included citing “Protective action recommendations for drinking water are under development by EPA”. EPA promised that a drinking water PAG would be developed in a future revision of the PAG document

August 2008

· DHS issued a planning guidance recommending that protective actions for drinking water be implemented if levels were projected to exceed 500 mrem for the first year. DHS guidance was specifically developed for Radiological Dispersion Device (RDD) and Improvised Nuclear Device (IND) incidents.

January 2009

· There was an EPA effort to issue a drinking water PAG in early 2009, but the proposal was held-back by the incoming Administration. At the time it was suggested that the drinking water PAG would be 500 mrem per year. 

· OW’s position on this issue was that protective actions should be based on the SDWA MCL for radionuclides (4 mrem/yr). 



March 2011 

· During the US response to the radiation incident at Fukushima, Japan in March 2011, rain water samples collected as part of RadNet showed concentration of certain radionuclides above the SDWA Maximum Contaminant Levels (MCL) for gross beta radiation.

· While the detected levels were very low, for certain radionuclides the MCLs were exceeded. This caused alarm in certain sectors of the media and the general public. EPA had major difficulties conveying its message to the public that the detected levels were not of immediate concern to public health. 

· It became evident that EPA was not prepared to promptly respond to a similar incident, and OW was directed to start working on the development a DW PAG. 

· Drinking water advisory issued by the Japanese Government during Fukushima for Iodine-131 was 100 Becquerel/liter for Infants and 300 Becquerel/liter for Adults (about 2700 pCi/L for Infants & 8000 pCi/L for Adults).  Note: SDWA MCL for Iodine-131 is 3 pCi/L.

April 2013

· EPA published the draft PAG Manual for public comment. The Agency requests input on the appropriateness of, and possible values for, a drinking water PAG.”



Approach for Developing a Drinking Water PAG



Options considered during PAG development:

a) Do nothing: States may develop individual PAG levels, or EPA will need to create one after an incident occurs.

b) Use the SDWA MCL (4 mrem) as the level to provide an alternate source of drinking water.

c) Adapt DHS & FDA guidelines: 500 mrem from water for first year after any incident (DHS covers water after a terrorist attack and FDA guide applies to food).

d) Consider dose levels within the range recommended by international guidelines while providing additional protection for infants and children.

Range of Dose Options Considered:

4 mrem = Dose for current SDWA MCL

100 mrem = Equivalent to Advisory Level issued in Japan assuming 365 day exposure (Infants)

250 mrem = Equivalent to Advisory Level issued in Japan assuming 365 day exposure (Adults)

500 mrem = Dose Value recommended by DHS (for drinking water) & FDA (for Food)

100 mrem to 2,000 mrem = Range of international guidelines for water to keep total doses below 10,000 mrem (IAEA, ICRP)



Note: Even at a low dose level, newer dosimetry and a shorter duration (i.e., one year vs. a lifetime) will result in a PAG concentration orders of magnitude higher than our MCLs for individual radionuclides. 



Evaluation and Findings from Assessment - Drinking Water PAG:

· OGWDW prepared an assessment with a range of dose values and the resulting projected risks for different targeted sub populations and exposure time frames.

· Projected risks levels vary widely depending on age, exposure time frame, and ingestion rates. Projected risks are informed by the most recent and widely accepted dosimetry and dose conversion factors.



Risk Assessment of Two Nuclides Common to Radiological Incidents



Iodine-131  

*SDWA Derived MCL Concentration 3 pCi/L

		Dose (mrem/yr)

		4 mrem

		75 mrem

		100 mrem

		500 mrem



		Subpopulation Highest Risk

		Infant

		Infant

		Infant

		Infant



		Projected Risk

		4.67E-06

		8.70E-05

		1.17E-04

		5.84E-04



		Projected Risk for Adult

		8.40E-07

		1.57E-05

		2.10E-05

		1.05E-04



		Corresponding Concentration

(pCi/L, 5 year olds)

		84

		1,580

		2,110

		10,500





* Due to differences in ingestion rates, the derived concentration for I-131 for five year olds is the most restrictive.



Cesium-137  

*SDWA Derived MCL Concentration 200 pCi/L

		Dose (mrem/yr)

		4 mrem

		75 mrem

		500 mrem



		Subpopulation Highest Risk

		Infant

		Infant

		Infant



		Projected Risk

		6.45E-06

		1.20E-04

		8.06E-04



		Projected Risk for Adult

		1.81E-06

		3.40E-05

		2.27E-04



		Corresponding Concentration

(pCi/L, infant)

		735

		13,797

		91,900







Calculated Risk Ranges:

Projected risk for excess cancer cases associated with different exposure scenarios were developed for infants, children and adults. The results from these projections of the estimated excess cases of cancer generally fall within the risks range of 10-4 to 10-6 for all projected doses evaluated (e.g., 4 mrem to 500 mrem). There are a few exceptions where the risk levels approach the 10-3 for dose levels higher than 250 mrem/year for certain nuclides. 



Subpopulation of Concern:

Based on the calculated projections, infants and children 5 years old and younger appear to have the greatest risk from exposure to radionuclides in drinking water. A PAG developed to protect infants and children 5 years and younger would also be at least as protective to fetuses and developing embryos.















Supplemental Information 



Key Terms:

Bq

One becquerel (Bq) is the amount of a radioactive material (atoms or grams) that decays at a rate of 1 disintegration per second. 



Ci, pCi, and dps

A curie (Ci) is an expression of the amount of radioactivity that corresponds to that amount of radioactive material (atoms or grams) that has a decay rate of 3.7E10 disintegrations per second (dps).  A picocurie (pCi) is one trillionth (i.e., 10-12) of a Ci.  



Rem and mrem

A rem is an expression of the amount of ionizing radiation absorbed by tissue multiplied by the a quality factor that takes into consideration the relative potential amount of damage the radiation might cause; a mrem (millirem) is 0.001 rem.  



For example, for an internally deposited radionuclide, such as Cs-137, each time an atom of Cs-137 decays inside the body, it emits a certain amount of ionizing radiation in the form of beta particles (essentially electrons) and gamma rays (i.e., energetic photons).  When this energy is deposited in tissue, the molecules that comprise living tissue are ionized, which results in an increased risk of cancer.  The product of the absorbed dose to tissue (which is expressed in terms of rad) with the use of a quality factor is referred to as the dose equivalent, expressed in units of rem or millirem.  If 100 ergs per gram of any combination of beta particles or photons is deposited into a gram of tissue, the absorbed dose to the exposed tissue is 1 rad and the dose equivalent to that tissue is 1 rem.  If the energy deposited in tissue is in due to an alpha particle, the quality factor is 20 and the dose equivalent is 20 rem because the damage caused by the energy of an alpha particle in a gram of tissue is about 20 times greater than the same amount of energy of beta and photon radiation deposited in a gram of tissue.  If that energy is deposited uniformly in every gram of tissue in the body (whether alpha, beta or gamma), the exposure is defined as a whole body dose or effective dose.



Sv

A sievert (Sv) is 100 rem.  Sv is the International System of Units (SI) derived unit of ionizing radiation dose (the rem and mrem are older, non-SI units). 



Effective dose

When ionizing radiation is deposited in tissue, it can be deposited in only a small part of the body or uniformly throughout the body.  The potential for harm associated with 1 rem (100 ergs/g) deposited in only a portion of the body is less than the potential for harm if the entire body experiences 1 rem.  In order to establish risk equivalency between a partial and a whole body dose when only a portion of the body is exposed, the dose equivalent to the tissue experiencing the exposure is multiplied by a tissue weighting factor which converts the tissue dose to an effective whole body dose, or simply referred to as the effective dose.  



For example, if a person ingests I-131, most of the internal dose will be delivered to the thyroid gland.  The tissue weighting factor for the thyroid gland is 0.04.  This means that the risk of cancer from the exposure of only the thyroid gland is about 0.04 of the risk of cancer if that same dose was delivered to the entire body.  Hence, if one rem is delivered to the thyroid gland due to the ingestion of I-131, the effective whole body dose is 0.04 rem.  If Cs-137 is ingested, it is distributed to the whole body so there is no need to apply a tissue weighting factor because the whole body is uniformly exposed.



DCF

Dose Conversion Factor (DCF), if a person were to ingest a given radionuclide, the radionuclide might remain in his or her body for a long time.  Hence, when we refer to a dose of 500 mrem delivered due to the ingestion of contaminated water for a one year period, the actual dose is the dose delivered to that person over his or her lifetime due to the radionuclides ingested in that year.  Hence 500 mrem is actually 500 mrem lifetime dose commitment.  





Models and Assumptions



The fundamental equations that are used to derive trigger levels are as follows.



The effective whole body dose (mrem or Sv) due to the ingestion of radionuclide i to age group a over time period T is derived as follows:

DiaT  = IiaT  × DCFia

Where:

DiaT  =	Effective whole body dose (mrem or Sv) due to the ingestion of radionuclide i to age group a over time period T

IiaT  = 	The total intake of radionuclide i for age group a (pCi or Bq) over time period T

DCFia =	The effective dose coefficient (also referred to as the whole body dose conversion factor or DCF) for the ingestion of radionuclide i in drinking water and age group a (mrem/Bq or Sv/Bq) using the DCFs from FGR-13.





Risk is expressed in terms of total cancer risk (morbidity) as opposed to fatal cancer risk (i.e., mortality). The lifetime risk of cancer due to the ingestion of radionuclide i by age group a.:

RiaT = IiaT × RCia

Where: 

RiaT  = 	The lifetime risk of cancer due to the ingestion of radionuclide i over time period T by age group a (life risk of cancer per Bq or per pCi ingested).

IiaT  = 	The total intake of radionuclide i for age group a (pCi or Bq) over time period T.

RCia =	The lifetime risk coefficient for the ingestion of radionuclide i in drinking water and age group a [lifetime risk per pCi (or per Bq) ingested in water] using the RCs from FGR-13.  





To derive the quantity of radionuclide i ingested by age group a over a given time period, T.  

IiaT = Ci × Inga × T

Where:

IiaT = 	The total intake of radionuclide i for age group a (pCi or Bq) over time period T (days)

Ci = 	The concentration of radionuclide i in drinking water (pCi/L or Bq/L).  In this analysis, the concentration of the radionuclide is assumed to be constant over the time period T of interest.  

Inga =	The daily ingestion rate of water for age group a as provided in FGR-13 (L/day).

T = 	The time period that the population is drinking contaminated water (days



Dose Conversion Factors

DCFs (Sv per Bq ingested at the age indicated)

		Isotope

		DCFs from FGR-13*



		

		Infant (100 day old)

		1 year old

		5 year old

		Adult



		Cs-137

		2.11E-08

		1.24E-08

		9.69E-09

		1.36E-08



		I-131

		1.84E-07

		1.79E-07

		1.04E-07

		2.18E-08











Lifetime Morbidity Risk Conversion Factors

(per Bq ingested in water at the indicated age)

		Isotope

		Infant

		1 yr old

		5 yr old

		Adult (age 25-70) 



		Cs-137

		3.40E-09

		2.49E-09

		1.97E-09

		6.17E-10



		I-131

		2.15E-08

		1.99E-08

		1.06E-08

		4.58E-10







Drinking Water Ingestion Rates from FGR-13

		Age (years)

		Tap Water (L/day)*



		

		Male

		Female



		0

		0.191

		0.188



		1

		0.223

		0.216



		5

		0.542

		0.499



		20

		1.137

		0.754



		50

		1.643

		1.119











Protective Action Guide (PAG) for Drinking Water 
 

 
Background on SDWA MCLs for Radionuclides: 
In 1976 EPA issued interim regulations for radionuclides in drinking water. In December 2000, 
EPA promulgated final regulations for four radionuclide groups: 
 Gross Alpha (Minus Radon & Uranium) MCL = 15 pCi/L: Retained from 1976 Rule 
 Combined Radium 226 & 228, MCL = 5 pCi/L: Retained from 1976 Rule 
 Gross Beta & Photon, MCL = 4 mrem/yr (uses dose conversion factors from 1976 Rule): 

Retained from 1976 Rule 
 Uranium MCL = 30 ug/L: Newly established standard in 2000   
 
The gross beta and photon MCL is unique because it is based on a dose of radiation (measured in 
mrem) instead of a concentration of a specific radionuclide (measured in pCi/L). There are ~179 
radionuclides that are “beta-photon” emitters that are regulated as a group under this standard.  
 
As a point of reference, for the gross beta & photon emitters, the MCL is 4 mrem annual dose: 

• For Iodine-131 in drinking water the derived concentration corresponds to 3 pCi/L  
– Based on limiting the dose to the thyroid to 4 mrem per year 
– In 1976 EPA calculated a lifetime risk at this exposure to be 6 x 10-5, 

assuming 70 year lifetime exposure through 2 liters drinking water per day 
– Utilizing  dose calculation methods developed in 1958 (ICRP 2) 

   
• In 2000, EPA updated the lifetime risk estimates at this exposure to be within the 

upper and lower bounds of risk (10-4 to 10-6) using current science (ICRP 72). The 
derived concentration would correspond to 55 pCi/L for children and 120 pCi/L for 
adults for Iodine-131. Due to the SDWA anti backsliding provision EPA retained the 
original conversion factors. 

 
PAGs Background 
 PAGs were initially published in 1992, but the drinking water component was not included 

citing “Protective action recommendations for drinking water are under development by 
EPA”. EPA promised that a drinking water PAG would be developed in a future revision of 
the PAG document 

August 2008 
 DHS issued a planning guidance recommending that protective actions for drinking water be 

implemented if levels were projected to exceed 500 mrem for the first year. DHS guidance 
was specifically developed for Radiological Dispersion Device (RDD) and Improvised 
Nuclear Device (IND) incidents. 

January 2009 
 There was an EPA effort to issue a drinking water PAG in early 2009, but the proposal was 

held-back by the incoming Administration. At the time it was suggested that the drinking 
water PAG would be 500 mrem per year.  

 OW’s position on this issue was that protective actions should be based on the SDWA MCL 
for radionuclides (4 mrem/yr).  
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March 2011  
 During the US response to the radiation incident at Fukushima, Japan in March 2011, rain 

water samples collected as part of RadNet showed concentration of certain radionuclides 
above the SDWA Maximum Contaminant Levels (MCL) for gross beta radiation. 

 While the detected levels were very low, for certain radionuclides the MCLs were exceeded. 
This caused alarm in certain sectors of the media and the general public. EPA had major 
difficulties conveying its message to the public that the detected levels were not of immediate 
concern to public health.  

 It became evident that EPA was not prepared to promptly respond to a similar incident, and 
OW was directed to start working on the development a DW PAG.  

 Drinking water advisory issued by the Japanese Government during Fukushima for Iodine-
131 was 100 Becquerel/liter for Infants and 300 Becquerel/liter for Adults (about 2700 pCi/L 
for Infants & 8000 pCi/L for Adults).  Note: SDWA MCL for Iodine-131 is 3 pCi/L. 

April 2013 
 EPA published the draft PAG Manual for public comment. The Agency requests input on the 

appropriateness of, and possible values for, a drinking water PAG.” 
 
Approach for Developing a Drinking Water PAG 
 
Options considered during PAG development: 
a) Do nothing: States may develop individual PAG levels, or EPA will need to create one after 

an incident occurs. 
b) Use the SDWA MCL (4 mrem) as the level to provide an alternate source of drinking water. 
c) Adapt DHS & FDA guidelines: 500 mrem from water for first year after any incident (DHS 

covers water after a terrorist attack and FDA guide applies to food). 
d) Consider dose levels within the range recommended by international guidelines while 

providing additional protection for infants and children. 

Range of Dose Options Considered: 
4 mrem = Dose for current SDWA MCL 
100 mrem = Equivalent to Advisory Level issued in Japan assuming 365 day exposure (Infants) 
250 mrem = Equivalent to Advisory Level issued in Japan assuming 365 day exposure (Adults) 
500 mrem = Dose Value recommended by DHS (for drinking water) & FDA (for Food) 
100 mrem to 2,000 mrem = Range of international guidelines for water to keep total doses 
below 10,000 mrem (IAEA, ICRP) 
 
Note: Even at a low dose level, newer dosimetry and a shorter duration (i.e., one year vs. a 
lifetime) will result in a PAG concentration orders of magnitude higher than our MCLs for 
individual radionuclides.  
 
Evaluation and Findings from Assessment - Drinking Water PAG: 
 OGWDW prepared an assessment with a range of dose values and the resulting projected 

risks for different targeted sub populations and exposure time frames. 
 Projected risks levels vary widely depending on age, exposure time frame, and ingestion 

rates. Projected risks are informed by the most recent and widely accepted dosimetry and 
dose conversion factors. 
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Risk Assessment of Two Nuclides Common to Radiological Incidents 
 
Iodine-131   
*SDWA Derived MCL Concentration 3 pCi/L 

Dose (mrem/yr) 4 mrem 75 mrem 100 mrem 500 mrem 

Subpopulation Highest Risk Infant Infant Infant Infant 

Projected Risk 4.67E-06 8.70E-05 1.17E-04 5.84E-04 

Projected Risk for Adult 8.40E-07 1.57E-05 2.10E-05 1.05E-04 

Corresponding Concentration 
(pCi/L, 5 year olds) 

84 1,580 2,110 10,500 

* Due to differences in ingestion rates, the derived concentration for I-131 for five year olds is 
the most restrictive. 
 
Cesium-137   
*SDWA Derived MCL Concentration 200 pCi/L 

Dose (mrem/yr) 4 mrem 75 mrem 500 mrem 

Subpopulation Highest Risk Infant Infant Infant 

Projected Risk 6.45E-06 1.20E-04 8.06E-04 

Projected Risk for Adult 1.81E-06 3.40E-05 2.27E-04 

Corresponding Concentration 
(pCi/L, infant) 

735 13,797 91,900 

 
Calculated Risk Ranges: 
Projected risk for excess cancer cases associated with different exposure scenarios were 
developed for infants, children and adults. The results from these projections of the estimated 
excess cases of cancer generally fall within the risks range of 10-4 to 10-6 for all projected doses 
evaluated (e.g., 4 mrem to 500 mrem). There are a few exceptions where the risk levels approach 
the 10-3 for dose levels higher than 250 mrem/year for certain nuclides.  
 
Subpopulation of Concern: 
Based on the calculated projections, infants and children 5 years old and younger appear to have 
the greatest risk from exposure to radionuclides in drinking water. A PAG developed to protect 
infants and children 5 years and younger would also be at least as protective to fetuses and 
developing embryos. 
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Supplemental Information  
 
Key Terms: 
Bq 
One becquerel (Bq) is the amount of a radioactive material (atoms or grams) that decays at a rate 
of 1 disintegration per second.  
 
Ci, pCi, and dps 
A curie (Ci) is an expression of the amount of radioactivity that corresponds to that amount of 
radioactive material (atoms or grams) that has a decay rate of 3.7E10 disintegrations per second 
(dps).  A picocurie (pCi) is one trillionth (i.e., 10-12) of a Ci.   
 
Rem and mrem 
A rem is an expression of the amount of ionizing radiation absorbed by tissue multiplied by the a 
quality factor that takes into consideration the relative potential amount of damage the radiation 
might cause; a mrem (millirem) is 0.001 rem.   
 
For example, for an internally deposited radionuclide, such as Cs-137, each time an atom of Cs-
137 decays inside the body, it emits a certain amount of ionizing radiation in the form of beta 
particles (essentially electrons) and gamma rays (i.e., energetic photons).  When this energy is 
deposited in tissue, the molecules that comprise living tissue are ionized, which results in an 
increased risk of cancer.  The product of the absorbed dose to tissue (which is expressed in terms 
of rad) with the use of a quality factor is referred to as the dose equivalent, expressed in units of 
rem or millirem.  If 100 ergs per gram of any combination of beta particles or photons is 
deposited into a gram of tissue, the absorbed dose to the exposed tissue is 1 rad and the dose 
equivalent to that tissue is 1 rem.  If the energy deposited in tissue is in due to an alpha particle, 
the quality factor is 20 and the dose equivalent is 20 rem because the damage caused by the 
energy of an alpha particle in a gram of tissue is about 20 times greater than the same amount of 
energy of beta and photon radiation deposited in a gram of tissue.  If that energy is deposited 
uniformly in every gram of tissue in the body (whether alpha, beta or gamma), the exposure is 
defined as a whole body dose or effective dose. 
 
Sv 
A sievert (Sv) is 100 rem.  Sv is the International System of Units (SI) derived unit of ionizing 
radiation dose (the rem and mrem are older, non-SI units).  
 
Effective dose 
When ionizing radiation is deposited in tissue, it can be deposited in only a small part of the 
body or uniformly throughout the body.  The potential for harm associated with 1 rem (100 
ergs/g) deposited in only a portion of the body is less than the potential for harm if the entire 
body experiences 1 rem.  In order to establish risk equivalency between a partial and a whole 
body dose when only a portion of the body is exposed, the dose equivalent to the tissue 
experiencing the exposure is multiplied by a tissue weighting factor which converts the tissue 
dose to an effective whole body dose, or simply referred to as the effective dose.   
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For example, if a person ingests I-131, most of the internal dose will be delivered to the thyroid 
gland.  The tissue weighting factor for the thyroid gland is 0.04.  This means that the risk of 
cancer from the exposure of only the thyroid gland is about 0.04 of the risk of cancer if that same 
dose was delivered to the entire body.  Hence, if one rem is delivered to the thyroid gland due to 
the ingestion of I-131, the effective whole body dose is 0.04 rem.  If Cs-137 is ingested, it is 
distributed to the whole body so there is no need to apply a tissue weighting factor because the 
whole body is uniformly exposed. 
 
DCF 
Dose Conversion Factor (DCF), if a person were to ingest a given radionuclide, the radionuclide 
might remain in his or her body for a long time.  Hence, when we refer to a dose of 500 mrem 
delivered due to the ingestion of contaminated water for a one year period, the actual dose is the 
dose delivered to that person over his or her lifetime due to the radionuclides ingested in that 
year.  Hence 500 mrem is actually 500 mrem lifetime dose commitment.   
 
 
MODELS AND ASSUMPTIONS 
 
The fundamental equations that are used to derive trigger levels are as follows. 
 
The effective whole body dose (mrem or Sv) due to the ingestion of radionuclide i to age group a 
over time period T is derived as follows: 

DiaT  = IiaT  × DCFia 

Where: 

DiaT  = Effective whole body dose (mrem or Sv) due to the ingestion of radionuclide i to 
age group a over time period T 

IiaT  =  The total intake of radionuclide i for age group a (pCi or Bq) over time period T 

DCFia = The effective dose coefficient (also referred to as the whole body dose conversion 
factor or DCF) for the ingestion of radionuclide i in drinking water and age group a 
(mrem/Bq or Sv/Bq) using the DCFs from FGR-13. 

 
 
Risk is expressed in terms of total cancer risk (morbidity) as opposed to fatal cancer risk (i.e., 
mortality). The lifetime risk of cancer due to the ingestion of radionuclide i by age group a.: 

RiaT = IiaT × RCia 

Where:  

RiaT  =  The lifetime risk of cancer due to the ingestion of radionuclide i over time period T by 
age group a (life risk of cancer per Bq or per pCi ingested). 

IiaT  =  The total intake of radionuclide i for age group a (pCi or Bq) over time period T. 

RCia = The lifetime risk coefficient for the ingestion of radionuclide i in drinking water and 
age group a [lifetime risk per pCi (or per Bq) ingested in water] using the RCs from 
FGR-13.   
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To derive the quantity of radionuclide i ingested by age group a over a given time period, T.   

IiaT = Ci × Inga × T 

Where: 

IiaT =  The total intake of radionuclide i for age group a (pCi or Bq) over time period T 
(days) 

Ci =  The concentration of radionuclide i in drinking water (pCi/L or Bq/L).  In this 
analysis, the concentration of the radionuclide is assumed to be constant over the time 
period T of interest.   

Inga = The daily ingestion rate of water for age group a as provided in FGR-13 (L/day). 

T =  The time period that the population is drinking contaminated water (days 
 

Dose Conversion Factors 

DCFs (Sv per Bq ingested at the age indicated) 
 
 
 

Lifetime Morbidity Risk Conversion Factors 

(per Bq ingested in water at the indicated age) 

Isotope Infant 1 yr old 5 yr old 
Adult (age 25-

70)  
Cs-137 3.40E-09 2.49E-09 1.97E-09 6.17E-10 
I-131 2.15E-08 1.99E-08 1.06E-08 4.58E-10 

 
Drinking Water Ingestion Rates from FGR-13 

Age (years) 
Tap Water (L/day)* 

Male Female 
0 0.191 0.188 
1 0.223 0.216 
5 0.542 0.499 
20 1.137 0.754 
50 1.643 1.119 

 
 

Isotope 
DCFs from FGR-13* 

Infant (100 day 
old) 

1 year old 5 year old Adult 

Cs-137 2.11E-08 1.24E-08 9.69E-09 1.36E-08 
I-131 1.84E-07 1.79E-07 1.04E-07 2.18E-08 
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Joint Briefing OW-OAR – Protective Action Guide (PAG) for Drinking Water 

Purpose of this briefing:  

 Present a recommendation for the Drinking Water PAG 

 Discuss how we’ll address the controversy associated with this proposal  

 Agree on next steps toward publication for comment 

What is the problem we’re trying to solve? 

 Drinking water is the only exposure pathway not currently addressed in the PAG Manual. At what 
radiation level does EPA recommend alternative drinking water resources be provided?  

 Remember, a PAG is a health-based tipping point where actions are warranted to avoid a given 
radiation exposure.  

 While highly unlikely, a large scale radiation contamination incident could impact the US, driving the 
need for a drinking water PAG that is pre-established and scientifically based. 

 During the US response to the radiation incident at Fukushima, Japan in March 2011, rain water 
samples collected as part of RadNet showed concentrations of certain radionuclides above the 
SDWA Maximum Contaminant Levels (MCL). 

 EPA experienced major difficulties conveying its message to the public that the detected levels in 
rain water, although greater than the MCL, were not of immediate concern to public health.  

 If those same levels had been detected in drinking water, EPA may have had to issue ad-hoc 
guidance developed on short notice without the benefit of comprehensive analysis.  

Options considered during PAG development: 

a) Do nothing. Local governments or states may develop individual PAG levels, or EPA will need to 
create one after an incident occurs. Experience has shown that local governments often rely on 
EPA advice when making decisions regarding the safe use of drinking after contamination 
incidents. Radiation protection decisions are almost always based on federal guidance in some 
form. Affected federal entities (e.g., effected military personnel) will need federal guidance. 

b) Use the SDWA MCL (4 mrem) as the level to provide an alternate source of drinking water. MCLs 
are not intended to inform ‘do not drink’ levels, in addition MCLs are based on the assumption of a 
70 year exposure timeframe. 

c) Adopt DHS & FDA benchmarks: 500 mrem from water for first year after an incident (DHS covers 
water after a terrorist attack and FDA guide applies to food). This allows for consistency with 
guidance that is already in use and publicly available.  

d) Adapt above benchmarks that have long-standing acceptance, and add additional protection for 
pregnant women and children: 500 mrem for the general population and a lower dose level for 
children and pregnant women. 

Recommendation: 

 Based on an analysis of radiation risks to all age groups from several nuclides, we propose a two-
tiered PAG as a reasonable approach considering age-based radiosensitivity. 

 We recommend the drinking water PAG during the intermediate phase of a radiological response 
be 75 mrem projected dose in the first year for infants, children and pregnant women and 500 mrem 
projected dose in the first year for the general population. 
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The protective action: 

 The protective action is to restrict the use of contaminated water for drinking purposes and to 
provide alternative drinking water for the affected community. Options for providing alternate 
drinking water could include: bottled water, altering the raw water source of a water system, 
interconnection between systems, or a combination of these. 

Rationale: 

 EPA conducted an assessment of the projected risks of excess cancer cases from exposure to 
radiation in drinking water at the 500 mrem level for a one year duration incident. The projected 
risks levels for adults at the 500 mrem level generally fall around the 0.0003 risk level for excess 
cancer cases. 

 EPA conducted a similar assessment from exposure to contaminated drinking water for infants and 
children, who are more sensitive to radiation exposure, and found that the projected risk level of 
0.0001 would occur at the 75 to 100 mrem dose level range. 

 This recommended drinking water PAG approach is consistent with PAGs currently in place for 
other media. PAGs are set by balancing the risks of exposure to radiation against the logistical 
difficulty, costs and detriments associated with taking protective action to avoid exposure. 

 According to the International Commission on Radiation Protection, emergency levels for protection 
of people should be selected in the lower part of the 100 to 2,000 mrem/year recommended range. 
Protection against all exposures, above or below the PAG level, should be balanced against 
detriments from the protective action itself.  

 The government of Japan adopted a similarly tiered drinking water advisory when responding to the 
radiation incident in Fukushima. 

 We determined that it is not appropriate to base emergency protective actions and response 
measures during short-term radiation incidents on lifetime (70 year) exposure criteria utilized to 
derive SDWA Maximum Contaminant Levels (MCL). 

 We recognize that within the SDWA framework, water systems in violation of drinking water 
standards have processes available to get back into compliance within a reasonable time frame. 
While the SDWA framework is useful to inform actions for day-to-day normal operations, it does not 
provide adequate guidance for emergency responders on what levels of contamination warrant 
providing alternative water. 

 We assume that any drinking water system adversely impacted during a radiation incident will be 
able to achieve compliance with MCLs within the first year after the incident.  

Key considerations: 

 Flexibility is emphasized. Emergency managers should make incident specific decisions that make 
sense for their community. 

 Some PAGs lend themselves to age specificity (KI, food, water) while others are best applied to 
entire populations (sheltering, evacuation, and relocation). The goal is to protect everyone, 
including the most sensitive (children and pregnant women) while being practical with what may be 
limited alternative drinking water resources. 

 From a public information standpoint, the Manual may need to provide further information on 
the practical implementation challenges with a two tier water protection strategy. The KI 
simplified approach is an example of this. 

 Pre-incident planning is encouraged. Pre-incident planning can help a community identify the best 
alternative water choices. 
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Stakeholder reaction: 

 In response to a previous proposal, anti-nuclear and environmental groups publicized misleading 
comparisons of derived water PAG concentrations alongside MCL concentrations to assert that the 
SDWA was being weakened. This is likely to happen again. 

 In addition, these groups had multiple meetings with then Assistant Administrator Gina McCarthy 
and Deputy Administrator Bob Perciasepe to voice their concerns about the drinking water PAG 
development. 

 Stakeholders base their strong objections and opposition on the fact that exposure to drinking water 
with higher levels of radiation will likely result in an increased risk of cancer cases. The 
stakeholders go into detail pointing out the differences in concentration levels derived from a PAG 
of 500 mrem in comparison with an MCL of 4 mrem. For some radionuclides, the resulting 
difference in concentration could be up to several thousand times. 

 During Fukushima, the Agency was pressed to develop drinking water guidance for US citizens in 
Japan and those using cisterns with contamination from the incident. The Agency failed to provide 
any guidance. Since then, both Bob and Gina have encouraged us to get this done. 

 State radiation control programs, nuclear power plant response communities, and the American 
Water Works Association have asked EPA repeatedly for a drinking water PAG for emergencies. 
Comments submitted on our 2013 PAG Manual from many states, the AWWA, Health Physics 
Society, Nuclear Energy Institute and Conference of Radiation Control Program Directors 
specifically request a drinking water PAG. 

Proposed next steps in the timeline: 

November 2014: Joint AA-level briefing for OW and OAR (scheduled for Nov. 5) 

December 2014 – January 2015: Brief multi-agency PAGs Subcommittee & get concurrence on 
proposal; concurrently have updated Water proposal reviewed by OSWER, OHS and OGC 

February – March 2015: OW AA and OGC Review and Concurrence Process on drinking water PAG 
proposal and support documents  

April 2015: Finalize drinking water PAG proposal Federal Register package 

May 2015: OPEI review and facilitation 

June 2015: Begin OMB 90-day review 

Finalize edited FR Notice and Water proposal (OMB release + 14 days) 

Complete Federal Register Workflow for Water proposal (OMB release + 30 days) 

Public comment period (OMB release + 90 days) 

Compile and adjudicate comments from public review (OMB release + 120 days) 

Finalize entire PAG Manual including Water (OMB release + 180 days = March 2016)  
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Center for Radiological Emergency Management
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Outline

 What is a PAG
 Who Uses PAGs
 Exposure Pathways
 Phases of Emergency Response
 Early, Intermediate & Late Phase PAGs
 Key Updates Issued in 2013
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Center for Radiological Emergency Management

What is a PAG
 A calculated tipping point 

at which an action to 
reduce radiation dose is 
recommended

 Guidance for public officials
 Protective Action Guides 

are called ‘PAGs’

Pg 3

For example:
• Scientists project a dose of 
500 mrem in the first year.

• There is a protective action 
associated with that dose in 
the PAG Manual.

• Decision makers implement 
the recommended action as 
quickly as possible.

• The public actually receives 
a dose of 200 mrem.
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Center for Radiological Emergency Management

Global PAGs, and Regulations
 All developed countries have PAGs in some form

 The International Atomic Energy Agency provides high 
level guidelines which our federal guidance echoes

 Radiation disasters are rare, but not 100% avoidable
 The U.S. PAGs originated in 1960s in response to 

fallout from weapons testing

 Our public health and environmental regulations 
remain in effect, every day
 Emergency guides are needed when a disaster takes 

us temporarily and unavoidably out of compliance

Pg 4
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Center for Radiological Emergency Management

Who Uses the PAG Manual
 State and local emergency managers use EPA 

PAGs in local emergency response plans
 Nuclear power plant community decision makers

 The same EPA PAG levels have been used for several 
decades around nuclear plants, for preparedness

 Nuclear Regulatory Commission and FEMA require use 
of EPA PAGs in local emergency plans

 Urban areas with Homeland Security plans
 EPA PAGs and the planning guidance are incorporated 

into local plans with assistance from FEMA and others

Pg 5
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Center for Radiological Emergency Management

Phases of Response
 Early Phase:  The first hours to days until the 

release has stopped, when protective actions 
decisions must be made with little to no 
information

 Intermediate Phase: The weeks to months when 
more information is available, protective actions 
are more restrictive, and cleanup planning 
begins

 Late Phase:  No longer an emergency; activities 
shift to long term recovery and cleanup

Pg 6
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Center for Radiological Emergency Management

Radiation Exposure Pathways
 The worst case scenario is a large release from 

a damaged nuclear power plant or a terrorist 
attack using radioactive material:
 Airborne plume
 Contamination on people 
 Ground and building contamination
 Food and water contamination
 Longer term spread into crops and the environment

Pg 7
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Center for Radiological Emergency Management

Early Phase PAGs
 Evacuation/Shelter 1-5 rem (10-50 mSv); 

Provide KI 5 rem (50 mSv) child thyroid dose
 These levels are used as health-based tipping points at 

which an action would be warranted. Predictions of 
dose based on the release or measurements must be 
compared to these tipping points to determine if 
prompt action is needed.

 Worker 5, 10, 25+ rem (50, 100, 250+ mSv)
 These worker guides are more like limits. They guide 

stopping work if doses received meet these levels, 
based on how critical the work is (e.g., lifesaving)

Pg 8
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Center for Radiological Emergency Management

Intermediate Phase PAGs
 Relocate population 

 ≥ 2 rem (20 mSv) first year (projected dose)
 0.5 rem (5 mSv) any subsequent year

 Apply dose reduction techniques  
 < 2 rem (20 mSv)
 These PAGs are lower, and based on longer-term dose 

projections (first and second year)

 Food (FDA 1998): Most limiting of
 0.5 rem (5 mSv) whole body or 
 5 rem (50 mSv) to most exposed organ or tissue

Pg 9
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Center for Radiological Emergency Management

Late Phase
 Actions designed to reduce radiation levels in 

the environment begin
 Actions are meant to reduce long-term 

exposures and improve living conditions. 
 A PAG level, or numeric dose to avoid, is not 

appropriate for long-term cleanup
 The PAG Manual describes a process involving 

stakeholders in decision making on clean-up goals, 
technology, land use and approaches

 Community involvement is key

10
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Center for Radiological Emergency Management

2013 Revised PAG Manual
 Update to the 1992 PAG Manual

 Expanded scope to include terrorism: RDD, IND
 Incorporated updated FDA Potassium Iodide guidance
 Refers to updated FDA Food guidance
 Includes a new matrix on re-entry decisions
 Provides brief cleanup and waste management 

planning guidance
 Incorporates DHS 2008 late phase cleanup guidance
 Updates science basis to updated international guides
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Center for Radiological Emergency Management

Wrap Up
 Questions?
 Comments?
 Suggestions?

Pg 12
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